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FOREWORD

This report was prepared for the Naval Air Systems Command, Washington,

D.C., under contracts N00019-81-C-0395 and N00019-84-C-0123, "Computer Code for

Flutter-Critical External-Store Configurations". Funding was provided via

Dr. Daniel Mulville, AIR-310B. The contract technical monitor was

Mr. George Maggos, AIR-5302C.

The report consists of three volumes. Volume I, entitled "User's Manual",

provides instructions for using the ESP program and presents descriptions of

typical output. Volume II, "Final Report on Program Enhancement and Delivery",

describes the work that was performed under the two contracts. A listing from

a CDC compilation of the program is contained in Volume III, "Program

Compilation".

The contributions of many individuals to the successful completion of the

contracts are gratefully acknowledged. Ms. Ann Marie Novak performed much of

the work required to convert the original IBM code to a CDC version. Highly

valuable consulting support was provided by Mr. Richard Chipman, the primary

developer of the original ESP version, and by Mr. Dino George and Dr. Joel

Markowitz, key developers of FASTOP. Assistance on computing problems was

provided by several persons at Grumman, including (in alphabetical order) Mr.

Charles Bores, Mrs. Linda Ehlinger, Mr. Joel Halpert, Mr. Luke Kraner, Mr.

Donald MacKenzie, Mr. Mario Mistretta, Mr. John Ortgiesen, Ms. Florence

Wimpfheimer, and Mrs. Noreen Wolt. Key contributions to making the ESP

program operational on the NADC Central Computing System were made by Messrs.

Robert Richey and Howard Ireland of the Naval Air Development Center.

Finally, Mr. Louis Mitchell of the Naval Air Systems Command provided valuable

insight into program features which would be important to practicing flutter

analysts, and also provided helpful suggestions during the preparation of this

report.
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1 - SUMMARY

A pilot computer program for determining flutter-critical external-store

configurations has been developed and made operational on the Naval Air

Development Center Central Computer System. The new program, designated ESP

(External-Stores Program), is a derivative of the previously developed Flutter --

And STrength Optimization Program (FASTOP).

A compilation of the 264 subroutines in ESP is contained herein. The

program consists of three major modules: (1) a vibration-analysis module,

which begins with subroutine AVAM; (2) a flutter-analysis module, which begins

with subroutine AFAM; and (3) a search module (called the flutter-optimization

module in FASTOP), which begins with subroutine AFOM. These modules are

entered via subroutine FOP, which performs most of the functions of a main

program in the FASTOP and ESP Flutter Optimization Package. The actual MAIN

program, which calls the FOP subroutine, is designated FASTOP herein.

To facilitate locating the compile for a particular routine, two numbered

lists of all subroutine names have been provided. The first list, which is in

order of appearance in the compile, determines the subroutine numbers. The

second list is alphabetical. Part I of this volume contains the first 119

subroutines, and Part 2 contains the remainder.
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2 - INTRODUCTION

During the development of the initial version of the Flutter And STrength

Optimization Program (FASTOP), Reference 1, under contract F33615-72-C-101

from the Air Force Flight Dynamics Laboratory, Mr. Keith Wilkinson, the project

engineer on that contract, recognized that much of the technology being used

for minimum-weight structural resizing in FASTOP also had the potential for

substantially reducing the time and cost required to determine which

combinations of wing-mounted external stores would result in the lowest

aircraft flutter speeds.

Subsequently, under contract N00019-76-C-0160 from the Naval Air Systems

Command, as well as a complementary Grumman Independent Research and Develop-

ment project, a search algorithm for wing/store flutter was developed, refined,

and tested by modifying and expanding the FASTOP code (see References 2 and 3).

When this development effort led to a pilot program that exhibited both good

reliability (absence of search failure) and good convergence characteristics,

work was continued under a second NASC contract, N00019-79-C-0062, to add

[I features desirable for practical applications and to demonstrate the new

External-Stores Program (ESP) on a representative attack aircraft and its

associated store inventory (see Reference 4). The project engineer on these

studies was Mr. Richard Chipman.

With the performance and the advantages of the store search procedure

having been confirmed, early utilization of the procedure on current aircraft

projects became desirable. Toward this end, the program was further enhanced

as described in Volume II of this report, and a user's manual, Volume I, was

written. Also, the program was made operational on the Central Computer System

at the Naval Air Development Center. A compilation of this latest version of

the program is contained in this volume, Volume III.

2-1



3 - LIST OF SUBROUTINES NAMES IN ORDER OF APPEARANCE IN COMPILE

1 - FASTOF' 2 - TFASTO 3 - FOP 4 - TFOF

5 - LDB 6 - ENDF 7 - DTABLE 8 - SETUP

9 - LTABLE 10 - LLABEL 11 - FSIOFO 12 - DSIOFO

13 - PTABLE 14 - PLABEL 15 - GEDLAB 16 - PUDLAB

17 - FSIO Is - DSIO 10 - TSIO 20 - FCLOSE

21 - MESAGE 22 - TIMEB 23 - FROGNA 24 - PRMAT1

25 - PRMAT2 26 - SCAPRO 27 - DSQRTF 28 - DCMPLF

29 - CDABSF 30 - RDM 31 - AVAM 32 - TAVAM

33 - READY 34 - DYNMAS 35 - MASTOR 36 - FFMASS

37 - IV33 38 - BSOLVE 39 - MSG02 40 - OFACT

41 - OCHOL 42 - HOTDOT 43 - TRAN 44 - QFSOL

45 - OFOR 46 - OPASS 47 - REVERS 40 - OBSOL

49 - OBAC 50 - UNFIL 51 - MULT 52 - ENMMPY

53 - VIBIFO 54 - COMPAK 55 - EIGEN 56 - READMA

57 - RITVEC 58 - SYMEIG 59 - TFORM 60 - STURM

61 - PREP 62 - GSVEC 63 - SWAP 64 - DOTPRO

65 - ANDOR 66 - TRIEO 67 - FUTILE 68 - DAGGER

69 - VIBRAP 70 - MMULT 71 - MCMULT 72 - ARAYMX

73 - ARAYMN 74 - MAX 75 - CLCORD 76 - FERGCV

77 - AFAM 78 - TAFAM 79 - RNRW 80 - CNRW -

81 - DSCAF'R 82 - COMSCA 83 - POOL 84 - FLINFO

85 - MOVIS 86 - HELGX 87 - FORM 88 - HELGA

89 - FICTUR 90 - AORDER 91 - SCLMAX 92 - ROUND

93 - SCLINC 94 - FATAN 95 - RODDEN 96 - PARTI

97 - ATAN3 98 - MIDI 99 - MODAL 100 - HELP

101 - BiDI 102 - BEIN 103 - SPLIT3 104 - TRIDI

105 - MERGE 106 - GLOBAL 107 - GENO 108 - AUGW

109 - TKER 110 - PRT2 111 - INCRO 112 - KERNEL

113 - IEF1 114 - IDF2 115 - SNPDF 116 - GUAS

117 - FUTSOL 118 - GENF 119 - MACH 120 - EVOVLE

121 - TANL 122 - TANT 123 - NOXN 124 - PLAN

125 - HELZ 126 - MODAZ 127 - ORDS 128 - DSF'MD

129 - COFFIN 130 - NORDER 131 - RIP 132 - TRIP

133 - DSPDDW 134 - IMAGE 135 - KERN 136 - GEOM
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137 - WHSA 138 - XTEXLE 139 - INTP 140 - FORK

141 - INVK 142 - CONB 143 - GUADX 144 - OUAXA

145 - QUAYS 146 - CONA 147 - SPCLA 148 - PARAMI

149 - GRS 150 - CLSO 151 - UNIFAC 152 - DUPER

153 - SUPERF 154 - UNISLV 155 - PRESS 156 - SOLFLT

157 - QFLIN 158 - FLOP 159 - ZANLYN 160 - F

161 - CDET 162 - UERTST 163 - RTIN 164 - ASSESS

165 - FRORD 166 - VECP 167 - GENEIG 168 - JORCOM

169 - ORIENT 170 - ADIV 171 - CDAT 172 - CLUSAL

173 - GCVEC 174 - GRVEC 175 - CLUTSL 176 - EIGM

177 - CONV 178 - SREVNC 179 - FLSL 130 - BUCK

181 - FLASH 182 - VALCOM 183 - COR 184 - VALROM

185 - CLR 186 - COMVEC 187 - GGCHK 188 - CLINEO

189 - TRFR 190 - PRPLT 191 - FLUTAP 192 - VGFT

193 - AXFL 194 - AXIS 195 - TIFL 19A. - AFOM

197 - TAFOM 198 - DRVTV 199 - DRVSTR 200 - FLTDES

201 - PACK 202 - UNPACK 203 - PUTROW 204 - GETROiW

205 - CLUES 206 - PLB 207 - WORD'S 203 - ERROR

209 - DVALUE 210 - IVALUE 211 - EOF01 212 - RWB'T

213 - TITLES 214 - TIMEA 215 - PROGN 216 - HEAD

217 - DOPEN 218 - FETS 219 - DWRITE 220 - DREAD

221 - DFIND 222 - DCLOSE 223 - UCHECK 224 - MYIO

225 - MMOVE 226 - DVOLNO 227 - ABDLIMF' 220 - STRDES

229 - RILL 230 - VSCALE 231 - MURT 232 - USTEF

233 - CONSTR 234 - LINESR 235 - SOSCAP 236 - INCONS

237 - SERS 238 - MERS 239 - RECONS 240 - SETJGL

241 - LMKP1 242 - ADDCON 243 - LAGMUL 244 - HYPEF:

245 - LDFIX 246 - DELCON 247 - GRAPRO 248 - INSECT

249 - INV 250 - SOQUAS 251 - SOFUT 252 - TRF' 3SE

253 - DYNSTF 254 - TRIXY 255 - UPDATE 256 - CHANGE

257 - MOVE 258 - WDCHAR 259 - REDMOD 260 - REDIVEC

261 - NRM2 262 - SREVNI 263 - QINTF' 264 - NASTF:D
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4 - ALPHABETICAL LIST OF SUBROUTINE NAMES -.

ABDUMP - 22-7 ADDCON - 242 ADIV - 170 AFAM 77

AFOM - 196 ANDOR - 65 AORDER - 90 ARAYMN - 73

APRAYMX - 72 ASSESS - 104 ATAN3 - 97 AUGW - 108

AVAM - 31 AXIS - 194 AXFL - 193 BEIN - 102

Bl11 - 101 BSOLVE - 38 BUCK - 180 CDABSF - 29

CDAT - 171 CDET - 161 CHANGE - 256 CLCORD - 75

CLINEG - 188 CL.R - 185 CLSQ - 150 CLUES - 205

CLUSAL - 172 CLUTSL - 175 CNRW - 80 COFFIN - 129

COMPAK - 54 COMSCA - 82 COMVEC - 186 CONA - 146

CONS - 142 CONSTR - 233 CONV - 177 COR - 1o

DAGGER - 68 DCLOSE - 22222 DCMF'LF - 28 DELCON - 246

DFIND - 22-21 DOPEN - -217 DOTFRO - 04 DREidl - 2.2 0

DRVSTR - 199 DRVTV - 198 DSCAFR - S1 OSIO - 12

DSIOFO - 12 OSFEI1W - 133 DSFMD - "123 DSORTF - 27

DTABLE - 7 DUFER - 152 DVALUE - 209 1IVOLNO - 26

DWRITE - 219 DYNMAS - 34 DYNSTF - 253 EIGEN -

EIGM - 176 ENDF - 6 ENMMF'Y - 52 EOF01 - 211

ERROR - 208 EVOVLE - 120 F - 160 FASTOP - I

FATAN - 94 FCLOSE - 20 FERGCV - 76 FETS - 2i8

FFMASS - 36 FLASH - 181 FLINFO - 84 FLOP - 1i,

FLSL - 179 FLTDES - 200 FLUTAF' - 191 FOP - 3

FORK - 140 FORM - 87 FRORD - 165 FSIO - 1-7

FSIOFO - 11 FUTILE- 67 FUTSOL - 117 GCVEC - 173

GEiLAB - 15 GENEIG - 167 GENF - 118 GENQ - t(,7

GEOM - 136 GETROW- 204 GGCHK - 187 GLOBAL - 106

GRAPRO - 247 GRS - 149 GRVEC - 174 HEAD - 216

HELGA - 88 HELGX - 86 HELP - 100 HELZ - 125

HOTDOT - 42 HYPER - 244 IOF1 - 113 IDF2 - 114

IMAGE - 134 INCONS - 236 INCRO - 111 INSECT - 248

INTF' - 139 INV - 249 INVK - 141 IY33 - 37

IVALUE - 210 JORCOM - 168 KERN - 135 KERNEL - 112

LAGMUL - 243 LDB - 5 LDFIX - 245 LINESR - 234

LLABEL - 10 LMKFI - 241 LTABLE - 9 MACH - 119

MASTOR - 35 MAX - 74 MCMULT - 71 MERGE - 105
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MERS - 238 MESAGE - 21 MIDI - 98 MMOVE - 225

MMULT - 70 MODAL - 99 MODAZ - 126 MOVE - 257

MOVIS - 85 MSG02 - 39 MULT - 51 MURT - 231

MYIO - 224 NASTRD - 264 NORDER - 130 NOXN - 123

NRM2 - 261 ORDS - 127 ORIENT - 169 PACK - 201

PARAM1 - 148 PART1 - 96 PICTUR - 89 PLABEL - 14

PLAN - 124 PLB - 206 POOL - 83 PREP - 61

PRESS - 155 PRMAT1 - 24 PRMAT2 - 25 PROGN - 215

PROGNA - 23 PRPLT - 190 PRT2 - 110 PTABLE - 13

PUDLAB - 16 PUTROW - 203 GBAC - 49 OBSOL - 46

OCHOL - 41 QFACT - 40 OFLIN - 157 GFOR - 45

OFSOL - 44 GINTP - 263 OPASS - 46 OSVEC - 62

OUADX - 143 QUAS - 116 QUAXA - 144 QUAYB - 145

RDM - 30 READMA - 56 READY - 33 RECONS - 22?

REDMOD - 259 REDVEC - 260 REVERS - 47 RILL - 229

RIP - 131 RITVEC - 57 RNRW - 79 RODDEN - 95

ROUND - 92 RTIN - 163 RWBT - 212 SCAPRO -26

SCLINC - 93 SCLMAX - 91 SERS - 237 SETJGL - 21-

SETUP - 8 SNPDF - 115 SOFUT - 251 SOLFLT - 156

SOQUAS - 250 SOSCAP - 235 SPCLA - 147 SPLIT3 -10-:

SREVNC - 178 SREVNI - 262 STRDES - 223 STURM - no

SUPERF - 153 SWAP - 63 SYMEIG - 58 TAFAM - 7

TAFOM - 197 TANL - 121 TANT - 122 TAQAM - 2

iFASTO - 2 TFOP - 4 TFORM - 59 TIMEA - 211

TIME? - 22 TIPL - 195 TITLES - 213 TKER - 10o

TRAN - 43 TRFR - 189 TRIDI - 104 TRIEq - 6

TRIP - 132 TRIXY - 254 TRPOSE - 252 TSIO -11

UCHECK - 223 UERTST - 162 UNFIL - 50 UNIFAC - 151

UNISLV - 154 UNPACK - 202 UPDATE - 255 USTEP - 232

VALCOM - 182 VALROM - 134 VECP - 166 VGPT - 192

VIBIFO - 53 VIBRAP - 69 VSCALE - 230 WDCHAR - 253

WHSA - 137 WORDS - 207 XTEXLE - 138 ZANLYN - 159
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5 - COMPILE LISTING

A listing from a compile of all ESP subroutines on the Central Computer

System at the Naval Air Development Center begins on the following page.
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